Structural topology has a large impact on the flexural stiffness of a beam structure. Reversible attachment between discrete substructures allows for control of shear stress transfer between structural elements, thus stiffness modulation. Electrostatic adhesion has shown promise for providing a reversible latching mechanism for controllable internal connectivity. Building on previous research, a thin film copper polyimide laminate has been used to incorporate high voltage electrodes to Fibre Reinforced Polymer (FRP) sandwich structures. The level of electrostatic holding force across the electrode interface is key to the achievable level of stiffness modulation. The use of non-flat interlocking core structures can allow for a significant increase in electrode contact area for a given core geometry, thus a greater electrostatic holding force. Interlocking core geometries based on cosine waves can be Computer Numerical Control (CNC) machined from Rohacell IGF 110 Foam core. These Interlocking Core structures could allow for enhanced variable stiffness functionality compared to basic planar electrodes. This novel concept could open up potential new applications for electrostatically induced variable stiffness structures.
INTRODUCTION
Variable stiffness structures have been investigated in some detail to date, with interest in the applicability to morphing structures 1 , and a means of additional functionality in its own right 2 . The basis for this research is the use of electrostatic adhesion to vary internal connectivity of sandwich structures with the intention of introducing variable flexural stiffness. Most existing research has, to the best of the authors' knowledge, only considered relatively low levels of applied force in bending for such configurations 3 , with the exception of the previous research of Heath et al 2 
.
This study investigates the effect of variations to the core structure of FRP sandwich beams to allow for interlocking electrode surfaces. Non-planar electrode surfaces could allow for a larger surface area contact of integrated electrodes for a given cross-sectional geometry. This increase in electrode contact area could help to maximise the electrostatic holding force, thus the shear stress transfer across the interface and thus the flexural stiffness. This research aims to establish the improved performance of electrostatic adhesion to facilitate variable stiffness through the use of interlocking core structures, when compared to the planar electrodes.
Included is an overview of the core concept of electro-bonded sandwich structures, along with the existing work from which inspiration was taken. The means of fabrication of a variety of such structures is also detailed in this study. Results from single lap shear tests are then shown to compare the performance of planar electrode and interlocking electrode configurations produced thus far.
BACKGROUND
When a high potential difference is imparted across closely spaced electrodes, an attractive force is generated, which can be used as a means of reversible attachment when incorporated as in Figure 1 . From these changes in effective electrode width, given that the length of the electrodes is to remain unchanged, the percentage increase in effective electrode contract area can be easily estimated ( Table 2 ). Given that the contact area S is a geometric constant when considering Equation 3, the percentage increases in area should theoretically equate to an increased holding force.
Ele
Whilst clearly the shortest wavelength and highest amplitude would yield the largest increase in area, some manufacturing and operational constraints must be considered. Preliminary manufacturing revealed issues with bridging of the copper film used, and effect that was more pronounced for the larger amplitude and shorter wavelength options. In order to ensure that the samples were symmetric about their centre with respect to the XZ cross section, only wavelengths of factors of the overall width of 30 are appropriate; this prohibits some of the wavelengths considered. As a result a wavelength of 5 mm and amplitude of 1 mm was chosen for the primary samples for testing. With a modest increase of 32% in area, this selection was deemed suitable to display an improvement over the planar electroadhesive configuration. Additional configurations could be investigated through analytical means once verification of any modelling of such devices has be achieved. 
Electrostatic Adhesive Strength
Using Equation 3 and estimates for the key parameters from Heath et al 2 , estimates for the expected levels of holding force can be made. The air gap was assumed to be 3.5 μm, the dielectric thickness to be 25 μm and the coefficient of friction to be 0.23 (as shown later in Section 5). Table 3 displays the resulting change in electrostatic load generated by the increased area of the interlocking electrodes. Figure 4 ) was used for simplicity. The composite face sheets were cured at 100 °C for 100 minutes under vacuum against an aluminium tool plate. The face sheets were then bonded to the core sections after the above fabrication steps using an epoxy laminating resin (EL2 Epoxy, EasyComposites, UK). Initially, a 23 µm polyester (Mylar A) film was used as the incorporated dielectric layer (Mylar A, RS Components Ltd, UK).
Material Properties.
Materials testing was carried out to assess the flexural properties of the constituent materials. All testing was performed in accordance with the test standard ASTM D790-10, using a three-point flexural configuration. The machine used was an INSTRON 8433 with a 1 kN load cell, with deflection measurements captured using a video gauge extensometer. The average moduli of elasticity for a sample size of 10 samples for UD CFRP and Rohacell IGF110 were found to be 104,827 ± 5500 MPa and 103.3 ± 2.0 MPa respectively.
EXPERIMENTAL SET-UP

Mechanical Testing
The shear holding strength of the electrostatic adhesives was quantified by means of a single lap shear test. A Kevlar thread was used to connect the upper section of the interlocking composite to an INSTRON 8433 test machine with a 1 kN load cell, via a single pulley. This allowed for the shear testing to be performed within an insulated Perspex box for safety reasons. The loading rate applied was 10 mm/min. From these tests, average shear holding strengths before slippage could be observed at application of 0, 1, and 2 kV across the integrated electrodes. A sled weight of 10 N was used. The same test machine and load cell was used for assessing the flexural stiffness of the samples.
Electrical Setup
A high voltage DC-DC step up convertor was used to generate the necessary voltage for the operation of the electrostatic adhesive devices (EMCO F-Series, EMCO High Voltage Corporation, USA). A potential divider was included in the circuit to monitor the voltage levels applied. Where possible, testing was performed within a Perspex safety box to ensure the safety of all high voltage devices.
RESULTS
Initially, single lap shear tests were carried out using a 23 µm Mylar film as the dielectric layer between the integrated electrode surfaces. Upon testing the interlocking and planar electrode configurations, the results were not as initially expected. The average of the maximum shear loads held by the electrostatic adhesive devices for the ten repeat tests at 0, 1 and 2 kV are shown in Figure 7 . Note that despite the increased available electrode area, a reduced level of shear holding force is observed for the interlocking sample. Given that the voltage and dielectric remain unchanged, the assumption is that a larger air inclusion results for the interlocking sample. This may be a result of increased surface roughness introduced during the fabrication process, or from localised bridging of the Mylar dielectric. 
